The eŠects of nori (Porphyra yezoensis ), a kind of red alga, on the gastrointestinal absorption and reabsorption of 17 types of dioxin were investigated in male Wistar rats. The rats were fed with 4 g of the control diet or 4 g of the nori diet containing a standard dioxin solution (233 ngTEQ W kg of body weight) forˆve consecutive days. In the group fed with the 10z nori diet, the fecal excretion of dioxin from days 1 to 5 was higher ( pº0.01) than that of the control group by 5.5-fold for 2,3,7,8-TCDD, 6.6-fold for 1,2,3,7,8-pentaCDD, and 6.0-fold for 2,3,4,7,8-pentaCDF. In another experiment, the rats were fed with 4 g of the control diet containing a standard dioxin solution (2991 ngTEQ W kg of body weight) on theˆrst day of the experiment and then given the control diet for 7 consecutive days, before being given either the control diet or the nori diet for 28 consecutive days more. In the group fed with the 10% Nori diet, the fecal excretion of dioxin during the period from days 8 to 35 was higher ( pº0.01 or pº0.05) than that of the control group by 2.4-fold for 2,3,7,8-TCDD, 2.3-fold for 1,2,3,7,8-pentaCDD, and 2.4-fold for 2,3,4,7,8-pentaCDF. These results suggest that the administration of nori prevented dioxin from being e‹ciently absorbed and reabsorbed from the gastrointestinal tract, and might be useful for protecting humans exposed to dioxin from ill eŠects.
Dioxin, which is the most toxic substance among synthetic chemicals, is a potent pollutant of the environment and can be detected worldwide. It is well known for dioxin to be generated by an incinerator when rubbish is destroyed byˆre. Human beings generally ingest polychlorinated dibenzo-p-dioxin (PCDD) and polychlorinated dibenzofuran (PCDF) from various foods. [1] [2] [3] [4] [5] [6] The daily intake of PCDD and PCDF congeners is approximately 2 pg toxic equivalent (TEQ) 7) W kg of body weight per day, and this level is considered to be almost the same among many countries in the world. 3) In Japan, the intake of PCDD and PCDF congeners had been reduced from 3.75 pg TEQ W kg of body weight per day (1977) to 0.92 (1998). 6) According to reports published in Germany (1994) (1995) , the excreted amount of PCDD and PCDF congeners (98 pg TEQ W day) was greater than their intake (49 pg TEQ W day). 8) Their concentrations in the serum have been reported to have been reduced from 42.7 pg TEQ W g of liquid (1991) to 20.7 (1996) . 9) PCDD and PCDF congeners are easily absorbed via the digestive tract due to their lipophilic nature and distributed to every tissue in the body by way of blood circulation following the lymphatic systems, 10) beforeˆnally being accumulated mostly in the adipose tissue and liver. The 2,3,7,8-substituted PCDD and PCDF congeners in particular remain for a long time in the tissues of humans and animals, because they cannot be easily metabolized. [11] [12] [13] [14] The rate of excretion of the PCDD and PCDF congeners from the human body via the urine and feces tends to be considerably slower than that from other mammals. 15) It has been proved that the PCDD, PCDF, and polychlorinated biphenyl (PCB) congeners are excreted through the intestinal wall into the digestive tract. [16] [17] [18] This seems to be their main elimination route in humans. 18) Nori is a traditional Japanese marine foodstuŠ prepared from Porphyra yezoensis UEDA, which is a kind of seaweed belonging to the genus Porphyra, Rhodophyceae. Nori is well known to contain a large quantity of protein and dietaryˆber, the respective amounts of which are 43.6z and 44.4z on a dry weight basis. Nori is also rich in minerals, vitamins, and chlorophyll as shown in Table 1 .
In order to prevent humans from health damage by foods containing dioxin, it is necessary to eat in such a way that the absorption of dioxin via the digestive tract can be suppressed and its intake quantity can be reduced. In addition, it is also important for humans exposed to dioxin to develop a method by which the excretion of dioxin into the feces can be accelerated and its accumulation in the body can be decreased. [19] [20] [21] [22] We investigated in this study the eŠects of nori on the gastrointestinal absorption and reabsorption of the PCDD and PCDF congeners and on acceleration of its excretion into the feces. 
Materials and Methods
Animals. Male Wistar rats were purchased from Seac Yoshitomi Co. (Fukuoka, Japan) and kept in the animal facility of the Fukuoka Institute of Health and Environmental Sciences. They were raised in metabolic cages and freely supplied with water and a diet while exposed to a 12 W 12h light W dark cycle. The composition of the control diet is shown in Table 2 . The mineral and vitamin mixtures (Harper combination) and casein were purchased from Oriental Yeast Co. (Tokyo, Japan). Animal care and use conformed to published NIH guidelines.
Samples and chemicals. Nori, a marine foodstuŠ prepared from the thalli of Porphyra yezoensis, was provided by Shirako Co. (Tokyo, Japan). Seventeen kinds of native PCDD and PCDF standard solutions (Wellington Laboratories, Guelph, Canada) were dissolved in corn oil (Table 3) . Each of the 13 Clabeled PCDD and PCDF standard solutions (Wellington Laboratories) was also dissolved in n-nonane as an internal standard for a quantitative analysis of dioxin. Hexane, acetone, chloroform, methanol, and dichloromethane were purchased from Wako Pure Chemicals Industries Co. (Osaka, Japan). These reagents were of the grade required for determination of the residual agricultural chemicals. All other reagents used were of a special grade. Silica gel of silver nitrate was prepared by dissolving 10 g of silver nitrate 5 ml of H2O while heating, adding 85 g of Kieselgel 60 (70-230 mesh; Merck & Co. Darmstadt, Germany) to the solution, before mixing well and leaving to stand overnight.
Animal treatment. In experiment 1 (Fig. 1) , the rats were assigned to three groups of four animals each after acclimation to the experimental conditions for 5 days. After overnight starvation, the animals, with an average body weight of 150 g, were administered with 0.2 ml of the dioxin mixture (standard solution A), which had been added to 4 g of the control diet or nori diet, on theˆrst day of the experiment (Tables 2 and 3 ). The rats were subsequently fed with the control diet, 2z nori diet, or 10z nori diet for 5 consecutive days. Each diet did not contain the dioxin mixture. The dioxin mixture administered on theˆrst day amounted to 233 ng TEQ W kg of body weight.
In experiment 2 ( Fig. 1) , the rats with an average body weight of 112 g were administered with 0.2 ml of the dioxin mixture (standard solution B) after overnight starvation, which had been added to 4 g of the control diet on theˆrst day of the experiment (Tables 2 and 3 ), before being raised on the control diet without the dioxin mixture for 7 consecutive days. After one week, two groups among the three were fed on either the control diet or the 10z nori diet from the 8th day to the 35th day. The dioxin mixture administered in this experiment was 2991 ng TEQ W kg of body weight. In experiments 1 and 2, the rats were housed individually in metabolic cages, the diet and water were provided ad libitum. The body weight, food intake, and fecal weight of each animal were measured. Feces were dried overnight at 709 C. At the end of each experiment, the rats were anesthetized with ether, and the whole bodies were homogenized in a vertical cutter mixer (R-3 plus; FMI Co., Osaka, Japan). Each resulting homogenate was stored at "209 C until the dioxin content was determined.
Analysis of PCDD and PCDF congeners. Fecal samples from each rat were homogenized and quantitatively extracted with 150 ml of chloroformmethanol (2:1, v W v) in a cylindrical glass-ˆberˆlter by Soxhlet extraction. The extract of each sample was concentrated to approximately 5 ml by evaporation and then diluted with chloroform to aˆnal volume of 50 ml. To analyze the dioxin level in each fecal sample, 10-30 ml of the extract was put into a test tube (50 ml), concentrated and dried. After adding 200-1000 pg of a 13 C-labeled internal standard (Wellington Laboratories), 10 ml of 1 M KOH in ethanol was added to each sample, before hydrolyzing overnight at room temperature. After adding 10 ml of hexane and 5 ml of H2O, the alkaline hydrolysate of each sample was shaken, centrifuged at 2500 rpm for 10 min, and the hexane layer was then collected. The aqueous layer was extracted twice with 10 ml of hexane, and all the hexane extracts were combined. The collected hexane layer was washed with 5 ml of H2O and concentrated to approximately 20 ml. After being washed 4 times with 10 ml of conc. H2SO4, the hexane extract was concentrated to 2 ml, applied to a column containing 0.8 g of silver nitrate (7 mm in diameter) and eluted from the column with 8 ml of hexane, the eluate then being concentrated to 1 ml. The resulting eluate was applied to a column containing 0.6 g of Florisil (7 mm in diameter; U.S. Silica Company, New York, NY, USA), and the PCDD and PCDF congeners were eluted with 8 ml of dichloromethane after being washed with 4 ml of hexane. The eluate from the column was dried and then dissolved in 50 ml of nnonane.
Approximately 10 g of the homogenate from the whole body of each rat was put into a test tube (50 ml) for centrifugation, and then 200-1000 pg of a 13 C-labeled internal standard (Wellington Laboratories) was added. A 10-ml amount of 1.5 M KOH in ethanol was then added, and the mixture hydrolyzed overnight at room temperature. The subsequent procedure for analysis was carried out in the same way as that for the fecal samples. The PCDD and PCDF congeners were analyzed by gas chromatography-mass spectrometry (AutoSpec-Ultima; Micromass, Manchester, England) with a capillary column (0.25 mm×60 m, BPX 5; SGE Co., Yokohama, Japan), setting the resolution mode at 10,000. The PCDD and PCDF congeners in each sample were quantitatively determined in the selected ion monitoring (SIM) mode.
Statistics. DiŠerences between the control group and each test group fed on a nori diet were statistically tested with the Student-t test, and a p-value of less than 0.05 is considered signiˆcant.
Results
EŠects of nori on the food intake, body weight, and fecal quantity
In experiments 1 and 2, there was no signiˆcant diŠerence in the body weight gain and food intake between the control group and the test group after administering the dioxin mixture (Table 4) . However, the fecal amount from each test group was signiˆcantly higher than that of the control group ( pº0.01 or pº0.05).
EŠects of nori on the fecal excretion and accumulation in the body of the PCDD and PCDF congeners (Experiment 1)
The amounts of the PCDD and PCDF congeners excreted into the feces during the period from the 1st day to the 5th day after administering the dioxin mixture are shown in Table 5 . In the test group fed on the 2z nori diet, the fecal excretion of the PCDD and PCDF congeners was higher ( pº0.01 and pº0.05) by 1.1-2.5-fold than that of the control group. In the group fed on the 10z nori diet, the fecal excretion of the PCDD and PCDF congeners was higher ( pº0.01 Each value represents the mean of the percentage of dose±SD (n＝4) during the period from days 1 to 5 in rats administered with the dioxin mixture; the acceleration index of fecal excretion is shown in parentheses [(percentage fecal excretion of PCDD and PCDF congeners by rats on the nori diet) W (percentage fecal excretion of PCDD and PCDF congeners by rats on the control diet)×100]. *Signiˆcantly diŠerent from the control group ( pº0.05). **Signiˆcantly diŠer-ent from the control group ( pº0.01). and pº0.05) by 1.6-6.6-fold than that of the control group, except for 1,2,3,4,6,7,8,9-octachlorodibenzop-dioxin (octaCDD). As the amount of nori added to the diet was increased from 2z to 10z, the fecal excretion of the PCDD and PCDF congeners was also increased, indicating that the nori diet signiˆcantly inhibited the absorption of the PCDD and PCDF congeners contained in the diet. Table 6 shows the amounts of the PCDD and PCDF congeners in the body on the 5th day after administering the dioxin mixture to the rats. Compared with the control diet, the 2z nori diet reduced the amounts of the PCDD and PCDF congeners in the body by 7.3-64.0z ( pº0.01) except for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 2,3,7,8-tetrachlorodibenzofuran (TCDF), 1,2,3,7,8-pentachlorodibenzofuran (pentaCDF), and 2,3,4,7,8-pentaCDF, while the 10z nori diet reduced the amounts of the PCDD and PCDF congeners in the body by 7.5-85.8z ( pº0.01), except for TCDF.
Increasing the amount of nori in the diet from 2z to 10z decreased the amounts of the PCDD and PCDF congeners that accumulated in the body. The results of this study clearly show that the nori diets inhibited the absorption and accumulation of the PCDD and PCDF congeners.
EŠects of nori on the fecal excretion of the PCDD and PCDF congeners and their accumulation in the body (Experiment 2)
The fecal excretion of the PCDD and PCDF congeners during the period from the 8th day to the 35th day after administering the dioxin mixture are shown in Table 7 . In the test group fed on the 10z nori diet, the fecal excretion of the PCDD and PCDF congeners was 1.5-2.4-fold higher ( pº0.01 and pº0.05) than that of the control group, except for octaCDD, 1,2,3,7,8-pentaCDF, 1,2,3,7,8,9-hexachlorodibenzofuran (hexaCDF), and octaCDF. These results reveal that the nori diet inhibit the reabsorption of the PCDD and PCDF congeners which had been secreted again into the digestive tract through the intestinal wall, and that the nori diet facilitated their excretion into the feces.
The percentages of the PCDD and PCDF con- 23, 24) their amounts in the body during the 7 days after administering the dioxin mixture were less than those of the other PCDD and PCDF congeners.
The amounts of the PCDD and PCDF congeners in the body 35 days after their administration are shown in Table 8 . In the group fed on the control diet and 10z nori diet, the fecal excretion of the PCDD and PCDF congeners from the 8th day to the 35th day after administering the dioxin mixture was less than 4.29z for all the congeners (Table 7) . We infer from this result that the PCDD and PCDF amounts stored in the body 35 days after the administration were little diŠerent between the control diet and 10z nori diet. However, the amounts of 2,3,7,8-TCDF and 1,2,3,7,8-pentaCDF in the body were reduced to 23.5z and 52.8z ( pº0.01 and pº0.05), respectively, of the amounts for the control group. This indicates that the nori diet may have had the eŠect of promoting the metabolism of the PCDD and PCDF congeners or of promoting the fecal excretion of the Each value represents the mean of the percentage of dose±SD (n＝4) on day 35 in rats administered with the dioxin mixture; the acceleration index of disappearance from the body on day 35 is shown in parentheses [(percentage body burden of PCDD and PCDF congeners by rats on the nori diet) W (percentage body burden of PCDD and PCDF congeners by rats on the control diet)×100]. * Signiˆcantly diŠerent from the control group ( pº0.05). **Signiˆcantly diŠerent from the control group ( pº0.01).
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Discussion
We investigated in this study how e‹ciently a nori diet inhibited the absorption of the PCDD and PCDF congeners contained in food through the digestive tract and promoted their excretion into the feces (Table 5 ). When the rats were given either the 2z nori diet or the 10z nori diet, the fecal excretion of highly toxic TCDD, 1,2,3,7,8-pentaCDD, and 2,3,4,7,8-pentaCDF was increased by 1.7-5.5-, 2.5-6.6-, and 2.2-6.0-fold, respectively, compared with the control diet ( pº0.0l and pº0.05). By using rats that had accumulated the PCDD and PCDF congeners in the body beforehand, we also investigated whether or not a nori diet could inhibit the reabsorption of the PCDD and PCDF congeners which had been excreted into the digestive tract through the intestinal wall 15, 16) and accelerate their fecal excretion ( Table 7) . The rats fed on the 10z nori diet showed increased fecal excretion of highly toxic TCDD, 1,2,3,7,8-pentaCDD, and 2,3,4,7,8-pentaCDF by 2.4-, 2.3-, and 2.4-fold, respectively, compared with the case of the control diet ( pº0.01 and pº0.05).
These results clearly indicated that a nori diet was eŠective for inhibiting the absorption of the PCDD and PCDF congeners contained in the diet via the digestive tract and for preventing their accumulation in the body. A nori diet was also eŠective for inhibiting the reabsorption of the PCDD and PCDF congeners which are secreted again into the digestive tract via internal elimination systems, and for facilitating their elimination from the body.
The mechanism for their metabolism and excretion is assumed to be the conclusive point for applying the results obtained from rats to the human case. In the case of rats, the PCDD and PCDF congeners are metabolized to hydrophilic metabolites and excreted into both the feces and urine. 15, [24] [25] [26] [27] [28] [29] The amounts of the PCDD and PCDF congeners excreted into the urine, however, are much less than those into the feces, so it is considered that fecal excretion of the PCDD and PCDF congeners is the main route in rats. 15, [24] [25] [26] [27] [28] [29] The ratio of the amounts of non-metabolites (parent compounds) in the feces of rats to total elimination of the PCDD and PCDF congeners was 9.3z for TCDD, 1.0z for 2,3,7,8-TCDF, and 9.9z for 2,3,4,7,8-pentaCDF.
15) The amounts of the parent compounds excreted were much less than those of their metabolites.
In contrast, the excretory process for the PCDD and PCDF congeners in humans is not yet clear. The ratio of parent compounds in the feces to total elimination of the PCDD and PCDF congeners has been reported to be 37-90z in human beings. 18) In the case of TCDD being dissolved in corn oil and given to humans, the ratio of parent compounds excreted into the feces to the total amount of TCDD excreted into the feces was about 50z. 29) The excretion of parent compounds into the feces is therefore assumed to be the main route for excretion of the PCDD and PCDF congeners from the human body.
The results of the present study show that the excreted amounts of parent compounds during the period from the 8th day to the 35th day after administering the dioxin mixture were increased by 2.4-fold for TCDD ( pº0.05), 2.3-fold for 1,2,3,7,8-pentaCDD ( pº0.05), and 2.4-fold for 2,3,4,7,8-pentaCDF ( pº0.01) when compared to the case of the control diet. If the ratio of the fecal excretion of parent compounds to total elimination of the PCDD and PCDF congeners in humans is 90z, a 10z nori diet is suggested to reduce the biological half-life of TCDD from 7.5 years 11, 12) We have previously investigated whether or not the excretion of PCDF congeners from the body could be accelerated by administering rice-branˆber to rats and humans. With rats, a 10z rice-branˆber diet increased the fecal excretion of 2,3,4,7,8-pentaCDF by 4.5-fold ( pº0.01) more than the case of the control diet. 19) Although the administration of cholestyramine (12 g W day) did not increase the excretion of 2,3,4,7,8-pentaCDF from the human body, 30) the administration of cholestyramine (12 g W day) together with rice-branˆber (18 g W day) increased the excretion of 2,3,4,7,8-pentaCDF by 1.6-2.6-fold more than that before the administration. 31) These results made it clear that rice-branˆber was useful for accelerating the excretion of PCDF congeners into the feces for both rats and humans.
A recent experiment carried out to investigate the acceleration of TCDD excretion in humans 32) has indicated that Olestra (sucrose polyester, 66 g W day) increased the fecal excretion of TCDD by 8-10-fold more than before giving Olestra and that this was su‹cient to reduce the normally observed elimination half-life of TCDD from about 7 years to 1-2 years.
In order to prevent human beings from health damage in health by dioxin, it is important to suppress the gastrointestinal absorption of dioxin contained in foods, to facilitate its excretion into the feces, and ultimately to reduce the intake of dioxin by the human body. Since the biological half-lives of dioxin compounds are rather long, [11] [12] [13] [14] it is also important for humans exposed to dioxin to be prevented from reabsorbing it, whereby it is directly excreted again into the digestive tract from the gastrointestinal wall, to increase its fecal excretion, andˆnally to reduce the amount accumulated in the body. [19] [20] [21] [22] According to the results of experiments on rats, dietaryˆber 19) and chlorophyll 22) e‹ciently accelerated the excretion of the PCDD and PCDF congeners into the feces, so it may be expected that nori, which is rich in dietaryˆber and chlorophyll, would have the advantage of accelerating the excretion of the PCDD and PCDF congeners from the human body.
